Objective: To describe the total sleep time, stages of sleep, and wakefulness of preterm newborns and correlate them to levels of sound pressure, light, temperature, relative air humidity, and handling inside incubators.
A s a consequence of cerebral and subcortical cortex immaturity and the absence of frontal lobe neuronal organization, preterm birth can cause anatomic and structural changes in the brain. This is due to the interruption of prenatal developmental stages, especially between the late second and early third trimesters of pregnancy. In addition, the anticipated birth promotes abrupt environmental differences for preterm newborns, who require admission to neonatal units to enable early adaption to the extrauterine life (Bonan, Pimentel Filho Jda, Tristao, Jesus, & Campos, 2015) .
In recent decades, technologic advancements have changed neonatal units in terms of the environment and care provided to preterm newborns, and this has led to increased survival rates (Bonan et al., 2015; White, 2011) . Although the neonatal unit is essential to the survival of these newborns, its environment includes an overload of stimuli. Constant exposure to light, high noise levels, and a large number of interventions contribute to deleterious effects on preterm newborns, because their immature nervous systems cannot sufficiently process multiple and excessive stimuli (Bonan et al., 2015; Lai & Bearer, 2008; Salgado, Adirson, La Cava, & Camacho, 2011) . These adverse conditions may have direct short-or long-term implications on some physiologic functions, with implications for neuropsychomotor development (Calciolari & Montirosso, 2011) .
Sleep is among the most important of physiologic functions, but it is less frequently studied in this population (Bonan et al., 2015; Salgado et al., 2011) . Sleep is an essential basic human need for brain maturation; hippocampal structure; bridge, midbrain, and brainstem development; and maturation of neurosensory systems: limbic, olfactory, tactile, and auditory.
Sleep presents a polyphasic pattern during the neonatal period and is classified as active sleep (AS), quiet sleep (QS), and indeterminate sleep (IS). During AS, maturation and differentiation of the central nervous system, preservation of brain plasticity, memory consolidation, and learning occur and can be identified in the fetus beginning at 28 weeks gestation. QS can be identified beginning at 32 weeks gestation and becomes more developed between 35 and 38 weeks, during which time a decrease in energy expenditure, protein synthesis, and hormone production (e.g., growth and thyroid stimulating hormone, testosterone, and others) occurs. The IS stage occurs when the characteristics of QS and AS are not identified. This stage accounts for 30% of the total sleep period of preterm newborns between 27 and 34 weeks gestational age (GA), and this percentage decreases gradually depending on the maturation of the central nervous system (Bonan et al., 2015; Calciolari & Montirosso, 2011; Heraghty, Hilliard, Henderson, & Fleming, 2008) .
Research is lacking in which polysomnography was used to demonstrate the effects of the environment and handling on the sleep of preterm newborns. This is especially critical given the importance of sleep for neonatal development. Therefore, the purpose of this study was to determine how light, noise, temperature, relative air humidity, and handling during care provided by the health care team influence the sleep of preterm newborns in incubators. Our objective was to describe the total sleep time and the different stages of sleep and wakefulness of preterm newborns and to correlate these with the sound pressure level (SPL), level of light, temperature, relative air humidity, and handling inside the incubators over a complete 24-hour period.
Methods

Design and Setting
We conducted an observational, prospective, correlational study in a conventional neonatal intermediate care unit (NImCU) of a hospital in Sã o Paulo, Brazil. The study was approved by the ethics committee of the institution (CEP no. 19387) , and the Terms of Free and Informed Consent form was signed by the parents.
The NImCU had nine beds and provided care for patients of the Unified Health System, serving as a reference center in neonatal care for the Ministry of Health.
In the NImCU, newborns remain in incubators or under radiant warmers, according to their clinical conditions. During data collection, the incubator used was the FANEM model 1186 A (Sao Paulo, Brazil), which had been in use for approximately 2 years. Only a few developmental care interventions were implemented for care of newborns in this NImCU, such as minimal handling protocol; quiet time characterized by reduced handling, noise, and light at four different times of the day; and kangaroo care. The newborns' parents may remain with their newborns 24 hours per day and are encouraged to interact with them and participate in their care.
The unit has a soundproof floor, double-glazed sealed windows, and interior blinds that allow brightness control. Artificial lighting inside the rooms is provided by fluorescent lights and is used at night or when natural light is insufficient. Each bed has individual lighting aimed at the incubator, but the level of brightness cannot be adjusted.
Sample
The sample consisted of 12 preterm newborns hospitalized in the NImCU. The convenience sample size was established because of limited time and financial resources available to conduct the research. Inclusion criteria included male or female preterm newborns, with GA up to 36 6/ 7 weeks and weight of 1,200 to 2,000 g at the time of data collection, who were maintained in an incubator. All newborns were clinically stable without medications to assist with the stability of cardiac, respiratory, and metabolic parameters and were free from medical complications, including infection and respiratory and neurologic disorders, as indicated by medical and nursing records.
The exclusion criteria for preterm newborns included congenital malformations; Grade II, III, and IV periventricular hemorrhage; use of invasive and noninvasive mechanical ventilation; phototherapy; central nervous system depressants and corticosteroids in the previous 72 hours; and For registration of the SPL, the microphone of the dosimeter was placed into the incubator and positioned approximately 20 cm from the preterm newborn's ear (Pinheiro, Guinsburg, Nabuco, & Kakehashi, 2011) . The dosimeter was calibrated by the researchers three times daily to ensure the accuracy of the data recordings, according to manufacturer recommendations. The light meter sensor was fixed on a metal support and positioned inside the incubator, at the eye level of the newborns, 20 cm from the head (Lasky & Williams, 2009 ). The atmospheric thermohygrometer was mounted in the internal center of the acrylic incubator dome, at a distance of 5 cm from the wall, to avoid any possible effect of the incubator dome heat radiating to the device surface. The camera was mounted on a stainless steel holder with height adjustment, which allowed direction of the camera to obtain recordings of the images of the newborn throughout the internal area of the incubator and also to record images from the hands of health team and family members when handling the newborn. The purpose of the use of the camcorder was not shared with the multidisciplinary NImCU team members to avoid possible changes in habitual behavior when caring for the preterm newborns. At the end of the study, all received, collectively, information about the results. 
Measures
The variables selected for the study were grouped according to their function in the research and subdivided into four groups relating to sample characteristics, sleep, microenvironment, and handling of preterm newborns. The variables that characterized the sample were GA, corrected GA (CGA), chronologic age on the date of data collection, birth weight, current weight, sex, and medical diagnosis (grouped according to organ system, categorized as respiratory, blood disorders, and others).
The variables related to sleep and wakefulness of preterm newborns were obtained through polysomnography, which consists of a noninvasive test considered a benchmark for sleep assessment, categorized as total sleep time (defined by the sum of the times in minutes of AS, SQ, SI), AS time, QS time, IS time, and wakefulness. The evaluation of the handling to which the newborns were exposed was obtained by analyzing video recordings from a Sony camcorder, model DCR-PJ5 (Sony, Tokyo, Japan). Handling was defined as the time of agent contact (professional/family and researcher) with the preterm newborns or any device connected to them. The following variables were categorized: number of handlings performed by professionals or family members (number of times that the preterm newborn was touched), number of handlings performed by the researcher (the number of times that preterm newborn was handled by researchers for polysomnography adjustment, when interferences were observed that could 
Results
The results shown in Table 1 demonstrate that most participants were female and were classified as moderately premature and low birth weight. Half were hospitalized for respiratory disorders (primary medical diagnosis was respiratory distress syndrome), three for hematologic disorders (hyperbilirubinemia and blood hyperviscosity syndrome), and three for insufficient weight gain. The variables relating to the environmental aspects of the NImCU and handling of preterm newborns are described in Table 2 .
Little variation in SPL was found during the 24-hour day. No significant difference was identified in noise recorded between daytime and nighttime periods, with greatest values obtained during the daytime. Light levels varied widely throughout the 24-hour day. Significantly lower light levels were recorded during the night.
With regard to the recorded levels of temperature and relative air humidity, there was a mean elevation of 5 C in temperature during the day compared with the level found at night; this was a statistically significant difference (p < .001; see Table 2 ). The percentage of relative air humidity was significantly lower during the day (p ¼ .023).
Within 24 hours, the preterm newborns were handled a mean of 143 times: 62% was by the health team/family, and the remaining 38% occurred because of the need for adjustments of polysomnography by the researchers (see Table 2 ). During the day, the number of manipulations was significantly greater (p ¼ .022) than at night. The handling time was 3.9 hours, corresponding to approximately 16% of the 24-hour period. When comparing the daytime and nighttime periods, the times of the handlings were 2.5 and 1.4 hours, respectively; thus, they were statistically significantly (p < .001) greater during the day. When the mean of environmental variables and handling obtained in the daytime and nighttime periods were compared, a statistically significant difference was found, except in the SPL and the number of handlings performed by the researcher (see Table 2 ). 
The mean total sleep time in preterm newborns was 14.9 hours, equivalent to 62% of the 24-hour day (see Table 3 ). Regarding the stages of sleep, QS occurred for a mean of 5.8 hours and was the greatest proportion of time, representing 38.8% of the total sleep time. AS was present for 4.6 hours, equivalent to 31%; IS lasted 4.5 hours, representing 30.2% of the total sleep time. When comparing the mean for each sleep pattern throughout the 24 hours, significant differences were not found.
The means for total sleep time and waking time were similar, when the day and night periods were analyzed, with a difference of only 2 minutes (see Table 3 ). In each 12-hour period, the preterm newborns slept the equivalent of 7.4 hours and stayed awake for 4.6 hours. Regarding the stages of sleep, QS had the greatest mean and was the predominant pattern in both periods. When comparing the mean for each sleep stage between day and night periods, IS showed a significantly greater mean time during the day.
The Pearson product-moment correlation was used to assess associations between variables related to sleep, with the means of environmental variables obtained within 24 hours during daytime and nighttime periods. There were no significant correlations between the means of SPL, light, temperature, or humidity and total sleep time, QS, AS, IS, or wakefulness.
The SPL showed some influence on the total sleep time and wakeful time. As SPL increased, the total sleep time increased and the wakeful time decreased. The light affected the wakefulness time with a positive correlation between the minimum values (r ¼ 0.67 and p ¼ .034) and also the maximum values (r ¼ 0.65 and p ¼ .041). The lower the level of light, the shorter the wakeful time. This was also the case with SPL on the total sleep time, AS, QS, IS, and wakefulness of preterm newborns during the day and night, even though the environmental conditions were different in these two periods. Sleep was not influenced by levels of light, temperature, or air humidity, despite the statistically significant differences identified in the mean of the environmental variables.
A negative trend was noted when mean temperature levels were correlated with the total sleep time during the night period. Even if without statistical significance, the lower the temperature inside the incubator, the greater the total sleep time.
A slight positive trend was noted in the means of the number and time of handling episodes with wakefulness within the 24-hour day and between the same variable during the day, which suggested that preterm newborns remained awake for longer periods of time when they were handled more frequently. 
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Discussion
The preterm newborns we studied showed a mean total sleep time of 14.9 hours within 24 hours; researchers previously identified 16 to 18 hours of sleep a day at different GAs, although the method of sleep analysis used for these studies was not mentioned (Calciolari & Montirosso, 2011; Mirmiriam & Ariagno, 2003) . In one study of the total sleep time in 60 preterm newborns in a neonatal unit evaluated through charts and behavioral assessment over 24 hours, newborns slept a mean total sleep time of 17.57 hours on the first day of life (Ardura, André s, Aldana, & Revilla, 1995). We found only one study in which the sleep of 13 preterm newborns was evaluated by polysomnography for 24 hours in the hospital. The total sleep time was 860 minutes (14.3 hours of sleep), which corroborates the findings from our study (Llaguno et al., 2015) .
Currently, polysomnography is considered the gold standard for assessment of sleep in preterm newborns (Sevestre, Oger, Bertelle, Mabin, & Sizun, 2013) , but because of cost and the inconvenience of this method in neonatal units, many scholars still use validated behavioral observation scales for this assessment (Ardura et al., 1995; Bertelle, Sevestre, Laou-Hap, Nagahapitiye, & Sizun, 2007; Graven & Browne, 2008) . Some researchers correlate the data obtained by polysomnography with sleep behavior assessment in preterm newborns by experts. Sevestre et al. (2013) assessed the concordance between the clinical observation and polysomnographic study to recognize the sleep/wake states in preterm newborns, performed by four evaluators. The concordance analysis obtained K > 0.81. However, education and the evaluator's experience can directly influence the results.
We identified a greater proportion of QS, followed by AS and IS, among the newborns in our study. This finding is in contrast to most studies, in which researchers describe AS as the prevalent stage in preterm newborns, with a reduction of AS and IS time and an increase in QS time as neurologic maturation occurs (Bonan et al., 2015; Calciolari & Montirosso, 2011) . Some authors believe that the environmental conditions and the type of care to which preterm newborns are submitted during hospitalization can promote an acceleration of the organization and maturation stages of sleep (Bertelle, Mabin, Adrien, & Sizun, 2005; Bonan et al., 2015) . In a study to evaluate sleep in 33 preterm newborns using polysomnography, an increase in the QS time was identified when developmental care was implemented (Bertelle et al., 2005) . Although in the NImCU where our study was conducted only some developmental care interventions were implemented, generally the environmental conditions could be considered appropriate. In addition, the newborns studied were a mean of 35 weeks GA at the time of data collection; therefore, these factors may have contributed to the predominance of QS.
With regard to the microenvironment, the mean SPL remained greater than that specified by regulatory agencies (61.1 AE 1.6 dB), with a maximum of 113.dB in 24 hours. The American Academy of Pediatrics and the American interdisciplinary committee that sets the standards for neonatal units recommend that SPLs greater than 45 dB should be avoided, with a limit of 65 dB for the sound peaks (American Academy of Orsi, K. C. S. C. et al. Pediatrics, 1997; White, Smith, & Shepley, 2013) . In contrast, the light values we identified were consistent with the standards established by regulatory agencies. The American Academy of Pediatrics recommends values less than 646 lux for neonatal units (Deguines et al., 2012; Lasky & Williams, 2009; White et al., 2013) . The temperature and humidity inside the incubators in our study were maintained at levels specified in the literature, in which adjustment according to GA, days of life of the preterm newborns, and the clinical needs of the preterm newborns are recommended.
We were motivated to conduct our research was because neonatal units are often described as inhospitable environments, with multiple stimuli that can be harmful and cause a negative effect on preterm newborn sleep. Among the environmental factors we studied in the NImCU, the SPL exceeded the recommended limits, and there were too many handling episodes. However, our results showed that, in general, the environmental conditions and care did not influence newborn sleep, except that light was found to correlate with wakeful time. It is possible that the small sample size may have contributed to this outcome.
Although the SPL was slightly elevated, the result may be explained by the habituation phenomenon, characterized by a newborn's capacity to diminish his/her behavioral responses when exposed to frequent and repeated stimuli (Castillo, Barros, & Guinsburg, 2014; Pinheiro et al., 2011) . In a study to compare the existence of this phenomenon among full-term and preterm infants, Castillo et al. (2014) identified that the preterm infants had higher habituation response scores for sound stimuli than for light and tactile stimuli. Among 18 preterm infants exposed to sound stimuli of 70 to 100 dB for five times at 2-second intervals, 55% showed the habituation phenomenon in the second repeat exposure to the stimulus (Sacaloski, Suzuki, & Azevedo, 1993) .
In our investigation of the possible effects of light on the sleep of preterm newborns, we found that wakefulness time increased when there were higher levels of light within the incubator.
Researchers classify light as the environmental factor that most influences the establishment of circadian rhythm synchronization of the infant (Brooks & Canal, 2013; Guyer et al., 2015) . However, there are conflicting data in the literature regarding the presence of a circadian rhythm in preterm infants. Some researchers showed that the fetus is already sensitive to light by the 24th gestational week and that the exposure to lowintensity light can help regulate the circadian rhythm (Bonan et al., 2015; Guyer et al., 2015) .
Other researchers found that the circadian influence on the newborn's sleep cycle can be observed from the sixth week of life, with the consolidation of sleep at night and increasing the frequency of periods of wakefulness during the day (Allen, 2012; Graven & Browne, 2008) . In a study of 187 preterm and term infants hospitalized in a neonatal unit, circadian cycles were identified in preterm and term infants, becoming more evident in newborns with GAs close to 28 weeks and decreasing as GA increased (Begum et al., 2006) . Other authors also suggest that, in the neonatal period, the presence of early circadian rhythm is influenced by hormones and maternal sleep-wake cycles, and the endogenous rhythms that cycle in infants appear only later (Begum et al., 2006; Heraghty et al., 2008) . The results of our study showed that daytime light levels were significantly higher when compared with nighttime levels, because the NImCU routinely implemented light/dark cycles and because at night, the lights of the NImCU were turned off and individual bed lights were used, if necessary. Recently researchers suggested that exposing newborns to light and dark cycles during hospitalization increases the total sleep time and weight gain and reduces the length of stay (Guyer et al., 2015; Ludington-Hoe & Abouelfettoh, 2013; Vasquez-Ruiz et al., 2014) . In addition, early rhythmicity of the sleep and wake cycles was found in preterm infants with a mean GA of 34 weeks exposed to cycling (Rivkees, Mayes, Jacobs, & Gross, 2004) .
We also found a significantly greater mean temperature and lower percentage of relative air humidity during the day. The incubators, which are programmed to control the temperature by means of dermal sensors, minimize heat loss to the environment; when the doors are opened, the incubator internally overheats to maintain a stable newborn temperature. This temperature control method is recommended in the literature as the Higher levels of light increased overall time of wakefulness in preterm newborns.
Preterm Newborns Sleeping in Incubators best way to maintain constant temperature and minimize the energy expenditure of preterm infants (Deguines et al., 2012) .
We identified no relationships among temperature and relative air humidity with sleep and wakefulness of the preterm newborns. Although the research is sparse on this issue, Telliez et al. (2001) found that when the incubator temperature was stable and the percentage of relative air humidity ranged from 40% to 80%, there was no influence of these factors on the total sleep time, wakefulness, or sleep stage duration of 13 preterm infants.
Through the results of our study we show that preterm newborns were excessively handled within 24 hours, coinciding with the findings reported in other studies that evaluated the frequency and handling time of hospitalized newborns (Murdoch & Darlow, 1984; Pereira et al., 2013) . Although the frequency and handling time of preterm infants were high, the graphic correlation of these variables with sleep showed a slight positive trend at points, suggesting that the infants remained awake longest when the number of handling episodes and handling time increased. Still, in the 24 hours analyzed, the newborns were handled 21% of the daytime and 16% of the nighttime. Our findings emphasized the need for grouping care to keep the longest periods free of manipulations and enabling infant sleep. Liaw et al. (2012) studied 30 preterm infants in a Chinese neonatal unit and assessed sleep patterns depending on the positioning of the newborns and care procedures over 24 hours. When the newborns were not undergoing any procedure, a prolongation of QS time was found, and wakefulness increased according to the handling episodes. Some authors state that constant interventions contribute to sleep fragmentation, with consequent reduction of the total sleep time, and can generate sleep deprivation (Bonan et al., 2015; Khan, de la Puerta Raya, & Nunes, 2009; Parthasarathy & Tobin, 2004) .
Sleep deprivation has many deleterious effects on the development of preterm infants. Important functions of the central nervous system can change, in addition to the triggering of heart rate oscillations, increased apnea frequency, and decreased perception of painful stimuli (Bertelle et al., 2007; Bonan et al., 2015; Ednick et al., 2009) . Sleep deprivation in preterm infants may also cause behavioral changes, such as restlessness, fatigue, irritability, and crying, that generate increased energy expenditure with consequent loss of body mass, even complicating infants' interactions with family (Fifer et al., 2010; Graven & Browne, 2008; Salgado et al., 2011) . In animal studies, deprivation of AS in the neonatal period compromised the respiratory physiology, in addition to causing changes in behavior and attention deficit in adulthood. In addition, impairment in the development of the brain cortex, and loss of plasticity, was found when these animals were deprived of AS and QS (Allen, 2012; Bertelle et al., 2007; Sevestre et al., 2013) .
Implications for Practice and Research
The results of our study suggested the need to implement protective measures for sleep for all hospitalized newborns. Further studies with larger sample sizes are necessary to assess and propose interventions for the neonatal unit environment and within the incubator. Studies are also needed to identify the sources of environmental stimuli and care and to promote actions that minimize the potential deleterious effects caused by harmful conditions, especially on sleep. The findings of our study also point to the need to empower health teams, as well as to support families, in implementing protective interventions for newborn sleep.
The literature highlights the implementation of developmental care with clustered and individualized care and with nursing and clinical procedures balanced with promotion of sleep strategies to meet infant and family needs (Bertelle et al., 2005) . Rest periods of at least 90 minutes should be implemented after feeding and handling (Calciolari & Montirosso, 2011) . Noise must be decreased by reducing volume of speech, monitoring alarms and phones, and using sound-reducing wall and flooring materials for a quiet environment, as well as providing modulated spaces and single rooms (White, Smith, & Shepley, 2013) . Low light levels improve sleep-wake patterns, so the use of cycled light and strategies such as covering the incubators and providing eye protection, mainly for preterm infants younger than 30 weeks GA, are recommended (Bertelle et al., 2005; Calciolari & Montirosso, 2011; Graven, 2011) . Consequently, it is necessary to invest in training and Nurses need to be empowered to implement protective interventions that enhance sleep.
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updating health teams in the neonatal unit to promote healthy sleep of hospitalized newborns (Allen, 2012; Calciolari & Montirosso, 2011) .
Limitations
Our sample size made multivariate analysis of the data impossible. The extended time that preterm newborns were maintained on polysomnography devices may constitute a limitation of this study, as may the great number of times that they were handled to ensure the quality of polysomnography recordings. Although a significant effect on sleep was not identified, these factors may have led to possible discomfort, decreasing the total sleep time.
Conclusion
The newborns in our study had mean total sleep times that were less than those recommended in the literature; QS was the predominant stage. Light, temperature, and relative air humidity levels inside the incubator remained within the limits established, except for the SPL. The number of handling episodes and the handling time were considered excessive. In general, environmental conditions and care that preterm newborns received did not influence their sleep. Among all the correlations of environmental variables and handling with sleep and wakefulness analyzed within 24 hours, only the light levels showed a positive correlation with wakeful time, indicating that the higher the light level inside the incubator, the greater the wakefulness of the preterm newborns studied.
